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Objectives 
• Review culvert shapes, end sections, and materials 
• Types of culvert flow conditions 
• Steps to estimate culvert size 
• Using charts 
• Using HY-8 




• Full flow (flow under pressure) 





• Flow is dependent upon: 
• Inlet geometry 
• Roughness 
• Slope 
• Pipe Diameter 
• Length 
• Headwater (approach) or tailwater conditions 
 
Culvert Shapes and Materials 
• Typical Materials: 
• Corregated Metal Pipe (CMP) 
• Concrete 
• Clay 
• Polyvinyl Chloride (PVC) 
• Ductile Iron Pipe (DIP) 
 
Roughness Coefficients 
Source:  InDOT Design Manual 
n = Manning’s roughness coefficient  
End Sections 
Entrance Loss Coefficients 
Source:  INDOT Design Manual 
Culvert Hydraulics 
• Flow conditions vary from culvert to culvert 
• Flow conditions vary over time 
• May flow full or partially full 




Headwater (HW) and Tailwater (TW) 
• Headwater (HW) - Depth of upstream water surface measured from invert of culvert 
entrance 
• Should not exceed edge of roadway shoulder elevation to allow for freeboard 
• Should not be so high as to cause flooding upstream 
• Tailwater (TW) - Depth of downstream water surface measured from invert of culvert 
outlet 
• For stream crossings, usually determined by backwater calculations through hydraulic 
modeling 







• Culvert inlet controls (or limits) the flow 
• More difficult for flow to get through the entrance of 
the culvert than it is to flow through the remainder 
of the culvert 
Inlet Control - A 
• Pipe flow is partially full 
• Outlet not submerged 
 
Inlet Control - B 
• Inlet not submerged 
• Outlet submerged 
 
Inlet Control - C 
• Pipe is flowing partially full 
• Inlet submerged 
 
Outlet Control 
• Culvert outlet controls (or limits) the flow 
• More difficult for flow to negotiate length of culvert 
than it is to get through the inlet (entrance) 
Outlet Control - A  
• Pressure flow 
• Full Flow 
• Inlet and outlet submerged 
 
Outlet Control - B  
• Submerged inlet 
• Outlet not submerged 
• Outlet velocities usually high 
 B 
Outlet Control - C  
• Submerged inlet 
• Outlet not submerged 
• Low TW 
 C 
Outlet Control - D  
• Inlet not submerged 
• Outlet not submerged 
 
D 
Culvert Performance Factors  
Factor Inlet Control Outlet Control 
Headwater Elevation X X 
Inlet Area X X 
Inlet Edge Configuration X X 
Inlet Shape X X 
Pipe Roughness X 
Pipe Area X 
Pipe Shape X 
Pipe Length X 
Pipe Slope X 
Tailwater Elevation X 
Culvert Design Steps 
1. Summarize known data:  Flowrate (Q) in cfs, target upstream water 
surface elevation 
2. Choose the culvert dimensions (diameter, length) 
3. Assume inlet control 
4. Use chart to calculate the upstream total head (HW) for the design 
flowrate using design table 
5. Repeat step 3 until the upstream head (HW) satisfies design 
specifications 
6. Use design chart to calculate the head loss (H) from inlet to outlet for 
the design flowrate 
7. Calculate the upstream total head (HW =  H + TW) 
8. Compare the inlet and outlet control results 
• The higher headwater governs and indicates the flow control (inlet or outlet 
control) 
Example Calculation 
Inlet Control Sheet 
 




Inlet Control Results 
Culvert Diameter , D = 42” (3.5 feet) 
Q=120 cfs 
HW = (HW/D) x D (ft) 
1. Square edge with headwall 
• HW/D = 2.5 
  = 2.5 x 3.5 ft 
• HW = 8.8 ft  
Example Calculation 
Outlet Control Sheet 
 
Diameter = 42” (3.5 ft) 
Q=120 cfs 
L = 50 ft 
TW = 4.3 ft 
 
 
From chart, H = 3.3’ 
HW = TW + 3.3’ 
HW = 4.3’ + 3.3’ = 7.6’ 
 
B 
Head = 3.3’ 
Inlet Control vs. Outlet Control Results 
Culvert Diameter , D = 42” (3.5 feet) 
Q=120 cfs 
L = 50 feet 
TW = 4.3 feet 
INLET CONTROL 
HW = (HW/D) x D (ft) 
1. Square edge with headwall 
• HW = 8.8’ ft 
OUTLET CONTROL 
HW = 7.6 ft 
 
 
CONCLUSION:   8.8 ft > 7.6 ft 
                             inlet controlled, use 
                             inlet control answer  
HY-8 
• Federal Highway Administration culvert analysis program 
• Yields headwater rating curve (elevation, Q relationship) 
• Parameters: 
• Enter design Q  
• Culvert length 
• Culvert shape and roughness 
• Entrance type 
• Overtop elevation (road profile) 
• Additional inputs: 




Diam = 48” (4 ft) 
Q=120 cfs 
L = 40 ft 
u/s inv = 600.5 ft 
d/s inv = 600.0 ft 
n = 0.012 
Road = 607.5 ft 
HY-8 Results 






• Criteria to keep in mind: 
• Return Period 
• Interstate –100-year 
• Primary – 25-year 
• Secondary – 10-year 
• While design criteria may be a 10-year return period, 
keep in mind potential impacts to adjacent or upstream 
structures that may warrant an increase to the system 
capacity 
• Minimum cleaning velocity:  3 ft/sec 
• Minimum freeboard requirements 
 
Source:  InDOT Design Manual 
Culvert Shape Selection 
• Criteria to keep in mind: 
• Minimum pipe size 
• Site / location restrictions – what fits? What about 
installation? 








Source:  InDOT Design Manual 
Culvert Material Selection 
• General criteria: 
• Loading / cover over the pipe 
• Minimum cover is typically 2 feet; however, check applicable 
regulations 
• Boone County, IN requires 3 feet for culverts within ROW 
• Purpose  
• Drain tile versus highway crossing 
• County / community ordinance guidelines 
• Are plastic pipes allowed? 




• Plan and specifications signed by a Licensed PE 
• Permits  
• Installation practices  
• Best Management Practices (BMPs) 
• Inlet and outlet protection 






• LTAP Stormwater Drainage Manual 
• InDOT Design Manual 
• IDOT Drainage Manual 
 
 
Questions? 
